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Chapter 24

The Interactive BigMedilytics Website:
A Collection of Scientific Results,
Best Practices, and Lessons Learned

By Holmer Hemsen, Roland Roller, Supriyo Chatterjea,
Anne Marie Weggelaar-Jansen and Alexandra Mufioz Oliver

24.1 Introduction

The goal of BigMedilytics is, through the application of Artificial Intelligence (AI)
technologies in combination with the analysis of Big Data, to transform Europe’s
healthcare sector and enhance patient outcomes and productivity. The European
Commission (EC) funded BigMedilytics as a lighthouse project to foster this dis-
ruptive innovation effort, i.e., BigMedilytics should have a certain signalling effect
for future projects.

One of the outcomes of BigMedilytics that stands out in comparison with similar
Big Data Healthcare projects is the Interactive BigMedilytics Website. The Inter-
active BigMedilytics Website is a webpage that enables users to browse through
a selection of aspects related to the BigMedilytics project. By navigating through
the Interactive BigMedilytics Website, you cannot only find information on results
and different aspects of the 12 study projects that participated in the EU lighthouse
project but also read about lessons learned grouped by topics, such as ethical, legal,
and privacy issues or with respect to validation, technology, and business impact.

317

Downl oaded from http://ftp. nowpublishers. con books/ oa- edited-vol une/ chapt er - pdf/11132892/ 978- 1- 63828- 237- 220251030en. pdf by



318 The Interactive BigMedilytics Website

The outcome of the BigMedilytics project consists not only of scientific articles
describing concrete aspects of the application and its evaluation, e.g., system archi-
tecture, data (pre-)processing pipeline, application of (machine learning) methods,
Al techniques, use of Big Data and evaluation, but it also contains more specific
topics across these applications, such as ethical considerations and how compliance
with relevant national and EU legislation (e.g., GDPR) can be achieved, as dis-
cussed in Chapter 3 (Using Causal Diagrams to Understand and Deal With Hin-
dering Patterns in the Uptake and Embedding of Big Data Technology), Chapter 4
(Lessons Learned in the Application of the General Data Protection Regulation to
the BigMedilytics Project), and Chapter 5 (Ethics). In addition, guiding princi-
ples, which facilitate the establishment of new healthcare projects in the domain,
are incorporated by sharing practical experiences and lessons learned across the 12
studies and by disclosing certain pitfalls, for example, to establish a big data project
in a hospital data scientists and medical staff have to work together. But working
together requires a certain understanding of each other’s field and methods and a
common vocabulary to communicate with each other — an often time-consuming
effort that cannot be avoided and therefore needs to be considered already in the
project planning phase.

24.2 Related Work

Apart from the 12 BigMedilytics studies, various other projects have been carried
out applying Big Data and Al in Healthcare. Several of them target a particular
disease, for example, Big Data Analytics to improve cardiovascular diseases, [1, 2]
kidney diseases, [3, 4] lung cancer, [5] or diabetes [6]. Some research also takes
a specific Big Data in healthcare aspect under investigation, such as privacy and
ethics or economic impact [7-10]. Hansen ez a/. present the results from a literature
study on Big Data in Science and Healthcare [11]. Agrawal and Prabakaran studied
Big Data initiatives in the United Kingdom and the United States and abroad to
identify lessons learned and recommendations for general practice [12]. However,
to the best of our knowledge, no similar website as the Interactive BigMedilytics
Website exists to interactively explore the results from multiple Big Data and Al in
healthcare projects including lessons learned and recommendations.

In the following, we discuss the selection of the content to present on the website
and how we structured and organized it. We decided to use an existing web design
template to present the content, so layout and interaction possibilities of course
are predefined by this template. The choice of this particular template, among the
many other templates available, is also briefly explained in the following paragraph.
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Aim, Content, and Structure of the Interactive BigMedilytics 319

24.3 Aim, Content, and Structure of the Interactive
BigMedilytics Website

As already mentioned in Section 24.2, various projects have applied Al with Big
Data analysis in healthcare projects. Some of them also reported lessons learned
and recommendations for general practice. However, with its 12 study projects, the
BigMedilytics project provides an exceptional opportunity to collect, compare, and
report on lessons learned and promote recommendations across medical disciplines
with an additional focus on business and privacy and ethical aspects.

The aim of the Interactive BigMedilytics Website is

® to provide users with an interactive way

o to inspect and compare various aspects of the 12 studies carried out in
BigMedilytics;

o to read about lessons learned in BigMedilytics;

® to provide stakeholders with tailored information relevant to specific stake-
holder groups;

® o link the new concepts and technologies developed within BigMedilytics
to sections in a patient journey and to illustrate how these new technologies
and processes can improve the healthcare system in the future;

® to support the development of future Big Data and Al in Healthcare projects.

In order to enable users of the website to compare certain aspects of the projects
with each other, we asked each study participating in BigMedilytics to fill in a
pre-structured template document. Via the template document, the following data
on each study were collected:

¢ Key information: It provides information on involved partners and countries,
keywords, and a task description.

¢ Building blocks: It contains information on system architecture including
data flow, software components, and necessary hardware; processing of struc-
tured and non-structured data, containing information on data sources, data
cleansing, processing of heterogeneous data streams, and real-time event
detection; Al components used or developed including deep learning for NLP
and image processing; and privacy and ethical issues;

® Learnings: It summarizes challenges and barriers, lessons learned, and main
achievements.

¢ Output: A section providing information on published papers, open source,
and demos.

In this way, we ensured that the projects provided comparable blocks of
information.
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320 The Interactive BigMedilytics Website

The input for a chapter on general learnings (see also Chapter 27 — General
Learnings From the Horizon 2020 Project BigMedilytics) is a direct result of the
experiences of the 12 studies carried out in BigMedilytics as described in filled-in
template documents, additional items that have been added manually are a result of
manifold discussions within the BigMedilytics consortium. To present each stake-
holder group with only relevant items, the information has been manually selected
and clustered. To be able to link the new concepts and technologies developed
within BigMedilytics to different stages in a patient journey, we first sketched and
described a fictitious but realistic patient journey throughout four stages: ‘at the
GP, ‘at the Hospital’, ‘at Home’, and ‘Follow-Up GP’.

In order to view the content of the website, five different entry points to inspect
results, findings, and lessons learned gathered from BigMedilytics exist: ‘Pilot
View’, “Transversal Aspects’, ‘Stakeholder Perspective’, ‘Patient Journey’, and ‘Gen-
eral Learnings’. All views consist of a structured hierarchy of layers to be able to
quickly navigate to the content of interest. In Table 24.1, the different views are
presented in more detail.

24.31 Web Design of the Interactive BigMedilytics Website

The goal of the Interactive BigMedilytics Website is to present the selected and
curated information in an interactive but also appealing and modern way. In the
beginning, we discussed several web design options and prototyped some of them.
A traditional, old-style, web design by simply transforming the study documents
into HTML, adding menus and links between sections and studies’ descriptions
was quickly ruled out, because ‘flexibility and efficiency of use’ (Nielsen Usability
#7 of usability heuristics) could not be achieved for both navigation within stud-
ies (Pilot View) and across studies (Transversal Aspects) [13]. We finally decided
to use an existing web design called zoomable circular packing' to present study-
specific information, transversal aspects between studies, such as system architec-
ture, information relevant for a specific stakeholder group, patient trajectory-related
information, and, last but not least, lessons learned throughout the BigMedilytics
project. The chosen web design uses circles inside circles to represent hierarchies of
information. While the outer circle and its label represent items belonging to the
current level, circles inside circles represent the next level in the navigation hierar-
chy. Figure 24.1 shows the top layer of the Interactive BigMedilytics Website with
its five different entry points for navigation.

i See, for example, https://observablehq.com/@d3/zoomable-circle- packing for an implementation.
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Table 24.1. The five views of the Interactive BigMedilytics Website.

Pilot View The pilot view provides a theme-centric perspective on study-
specific data. The elements of the first navigation level are arranged
by study category, which is either population health and chronic
disease management, oncology, or industrialization of healthcare
services. At the second level, the user can choose a specific study to
inspect, such as kidney disease or asset management. After select-
ing this study, the user can in the third level choose a particu-
lar aspect of the study to read about, which in the fourth level is
shown. All studies provide an identical set of aspects that can be
explored, for example, Business Aspects, Challenges and Learn-
ings, or Achievements.

Transversal In contrast to the Pilot View, as discussed above, the Transversal

Aspects Aspects view shows the user a horizontal view (across studies) of
the content. The elements of the first navigation level in this view
are arranged by aspect and are similar to the third level in the pilot
view but with the difference that the aspects building blocks, eth-
ical and privacy issues, and security issues are further subdivided,
so the chunks of information presented to keep a reasonable size to
be inspected interactively. Building blocks, for example, is further
split into the aspects data processing, system interaction, auditory
and logs, Natural Language Processing, image processing, system
architecture, and prediction.

Stakeholder The Stakeholder Perspective organizes the information in such

Perspective a way that relevant information for the specific target group is
shown. In total, eight target groups are addressed: policymaker,
hospital decision-maker, privacy officer, hospital IT/equipment,
clinical staff, data scientist, health insurance, and patient. At the
first navigation level, the user selects the target group of interest,
and at the second level, the topic of interest. For example, policy-
makers can read about trustworthy Al, privacy measures, or learn-
ings. In contrast, the information presented to data scientists is of
wider scope. In addition to information about policies, also infor-
mation about more technical issues such as natural language and
image processing or information about access control is included
for this group.

Patient Journey The Patient Journey view organizes the information according to
a realistic but fictitious patient journey and shows in the first nav-
igation level four different stages in this journey: at the GP, at the
Hospital, at Home, and Follow-up GP. After selecting a particular
stage, the user can either read about studies including this stage in
the patient journey or about applying BigMedilytics Technologies
to this specific patient Journey stage.

(Continued)
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322 The Interactive BigMedilytics Website

Table 24.1. Continued

General The General Learnings view presents lessons learned from the

Learnings BigMedilytics project that are of a broader and less study-specific
nature. The information presented in the first navigation level is
grouped into eight thematic categories, such as Data, Technol-
ogy, or Business Impact. For example, under the category Ethical,
Legal, and Privacy, it is pointed out that consent gathering to use
patient data is of major importance before the data can be used and
analysed. Category Big Data Blueprint differs because it (a) links
to the Blueprint document (see Chapter 25 — Data Processing in
Healthcare Using CRISP) and (b) to a Blueprint Matrix table list-
ing for a selection of aspects, e.g., Natural Language Processing,
the studies contributed to.

Figure 24.1. Interactive BigMedilytics website - the five different entry points to view the
data.

Downl oaded from http://ftp. nowubl i shers. conf books/ oa-edit ed-vol ume/ chapt er - pdf / 11132892/ 978- 1- 63828- 237- 220251030en. pdf by



Aim, Content, and Structure of the Interactive BigMedilytics 323

During early tests of the Interactive BigMedilytics Website, we observed that the
users anticipated the chosen web design quickly and rapidly learned how to navi-
gate through the hierarchy to find the content of interest. But we also noticed that
the web design is, especially for new users, not fully self-explanatory. Therefore, we
added upfront, i.e., before showing the circular packaging design, a section with
help texts, explaining the following aspects: “What is the Interactive BigMedilytics
Website?”, “How to navigate it?”, “Who is it for?”, and “What will you find?”. To
keep the help texts close to the interaction area (see Figure 24.1), initially, these
help texts are collapsed and only the section title is visible to the user. In addi-
tion, the “How to navigate the Interactive BigMedilytics Website?” subsection pro-
vides two videos to show both the general structure of the webpage and second a
tutorial on how to navigate the Interactive BigMedilytics Website. Furthermore, we
slightly modified the standard zoomable circular packing web design as defined by
the JavaScript library and introduced a circle with a special meaning and a distinct
colour — the “About” circles. These circles only appear in the top-level view and,
if selected, explain the view and its structure.

24.3.2 Structure and Content of the Interactive BigMedilytics
Website

When a user clicks within a circle (see Figure 24.2), it reaches the next hierarchy
level in the chosen view. Users can go back to one hierarchy level at a time by
clicking into the surrounding circle (see Figure 24.3) or reach the top level of the
hierarchy by clicking outside the circles area. The leaves of the navigation tree point
to the content, presented in a classical, text-only, design (cf. Figure 24.2: No. 5 and
6). The web design therefore enables “user control and freedom” as Nielsen requires
for good web design [13, #3].

Figure 24.2 shows a sample interaction path starting with the overview page (1),
then selecting the Pilot View (2), choosing heart Population Health and Chronic
Disease (3), and selecting Hearth Failure (4) and Business Aspects of this study to
see the final content in (6). Please note that navigation is possible in both directions
as shown in Figure 24.3. Starting with the pilot view (cf. Figure 24.1), a user can,
for example, choose Oncology (2) and then inspect the next layer (3b) or go back
to (2) and instead choose Population Health or Chronic Disease (3a).

The content presented in Pilot View and Transversal Aspects is based on the doc-
uments describing aspects of each study. The predefined structure has been mapped
to the hierarchical web design layers, so equal sections, such as Key Information,
can be accessed in a similar way within Pilot View (aspect shown for a single study)
and Transversal Aspects (aspect shown for multiple studies) view. The structure pre-
sented in Pilot View and Transversal Aspects view differs slightly from the content
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insurance data, cohort dats) coupied vis MPC
tachnology Resuilting In prediction of  specific
£10up of patients..

Figure 24.2. Sample Interaction - From the Top Layer (1) to Content (6).

Figure 24.3. Possible forward/backward (zooming) interaction between layers.

structure in the template document (see Figures 24.4 and 24.5). This change was
mainly done to balance the number of sections presented but was also necessary to
make certain sections more easily to find, for example, Ethical and Privacy Issues.
As, by splitting the study documents into separate content units (see Figure 24.2:
No. 5 and 6.), the connection with the study itself is no longer visible, each content
document is labelled with the study name in its title.

The intention of the Stakeholder Perspective is to address stakeholders in a tar-
geted manner and provide each stakeholder with four to his/her group relevant

information. We included the following stakeholder groups: Clinical Staff, Data
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Business Aspects

allenges & Learning “ Building Blocks

Figure 24.4. Pilot view: structure of contents.

Scientists, Health Insurance, Hospital Decision Makers, Hospital IT/Equipment,
Patients, Policymakers, and Privacy Officers. For example, for stakeholders from
Hospital IT/Equipment information regarding system architectures, access control,
data processing, and learnings were considered relevant. In contrast, stakeholders
from Privacy Officers are shown the findings with respect to trustworthy Al privacy
measures, and data protection.

To illustrate the Patient Journey, we constructed a realistic but fictitious med-
ical case, as shown in Figure 24.6, in which a patient goes through the following
four stages: General Practitioner (GP), at the Hospital, at Home, and at Follow-
Up GP. The Patient Journey view of the Interactive BigMedilytics Website relates
relevant studies and BigMedilytics technology to nodes in the sample patient jour-
ney. For example, for the At Home stage, the Interactive BigMedilytics Website
lists all studies that use technology that supports telemedicine or remote patient
monitoring, e.g., the Kidney study (Chapter 9 — eHealth and Telemedicine for
Risk Prediction and Monitoring in Kidney Transplantation Recipients) that uses
a web app for telemedicine and remote patient monitoring or the Diabetes study
(Chapter 10 — Remote Monitoring to Improve Gestational Diabetes Care) that
develops an integrated self-monitoring and self-management system for Gestational
Diabetes Mellitus (GDM).

The General Learnings view differs from the other views/perspectives. While the
other perspectives mostly focus on the presentation of the scientific results from the
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Figure 24.5. Transversal aspects: structure of contents.

During initial The patient Frustrated by
examination, the The locum attends the a perception
locum notices refers the consultant of poor
patches of psoriasis; patientto a appointment healthcare,
and confirms by consultant but must wait the patient
examining finger nails at the local while SATS / maintains a
(for ridges; no teaching oximetry symptom diary
swan-neck distortion hospital. equipment is in for consultant
of finger joints). short supply. appointments.

Patient suffers a On a subsequent consultant
severe attack, with appointment, patient
significant swelling to provides photos. Consultant
one knee, The GP says a blood test and X-Ray
refuses to see the should have been organized,
patient, but but confirmed that he
‘diagnoses’ over the believed this to be an
‘phone that this is an inflammatory response to a
episode of gout. course of antibiotics.

Consultant
keeps the
diary, and
reads prior to
the following
appointment.

Patient
visits GP

Figure 24.6. Patient journey.
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BigMedilytics project and include practical aspects on how to carry out an Al and
Big Data technology-based healthcare project, the General Learnings view mainly is
a collection of pitfalls to avoid, and lessons learned gathered throughout the realiza-
tion of the 12 study projects and that may be valuable knowledge for future projects
in the area. The General Learnings that are presented on the website are included
in Chapter 27 (General Learnings From the Horizon 2020 Project BigMedilytics).

24.4 Conclusion

BigMedilytics resulted in more the 50 scientific publications that demonstrate the
disruptive potential of applying Big Data technology in combination with Al in
healthcare projects (see Section I, Section III, and Section IV). But BigMedilytics
with 36 partners and 12 studies covering several medical and healthcare domains
(Population Health and Chronic Disease Management, Oncology, and Industrial-
ization of healthcare services) due to its size also provided a unique opportunity to
present a more holistic view and thereby support the implementation of forthcom-
ing projects in the healthcare sector.

In this chapter, we have presented the structure and content of the Interactive
BigMedilytics Website: a collection of scientific findings, best practices, and lessons
learned from the BigMedilytics project. The Blueprint presents both facts about
each of the 12 studies carried out in BigMedilytics, as well as information targeted at
specific stakeholder groups, reveals general learnings from planning and executing
the studies, and finally relates technology used and findings from the studies to
stages in a sample patient journey.

To be able to compare the methods and technologies of different studies, we first
asked each study team to describe their study in a document with a pre-defined
structure. So, for the website, this information could be split into smaller, com-
parable chunks for Pilot View and Transversal Aspects. General Learnings from
BigMedilytics (see also Chapter 27 — General Learnings From the Horizon 2020
Project BigMedilytics) have been collected partly based on these documents and
manually extended by observations made by consortium members. To provide
information that is relevant for a specific stakeholder group in Stakeholder Per-
spective, the content collected has been filtered, so only information is shown that
is relevant for the specific group of stakeholders. The Patient Journey stands out a
lictle bit as a realistic but fictitious story about a patient’s journey provides the back-
ground and defines stages (At the GP, At the Hospital, At Home, and At Follow-Up
GP) in the journey and exemplifies illness and treatment of the patient. The four
stages are used on the website to explain how technology implemented in the stud-
ies can transform healthcare.

Downl oaded from http://ftp. nowpublishers. con books/ oa- edited-vol une/ chapt er - pdf/11132892/ 978- 1- 63828- 237- 220251030en. pdf by



328 The Interactive BigMedilytics Website

To sum up, with the Interactive BigMedilytics Website, we created a unique
knowledge source containing facts and findings from the implementation of the 12
Big Data and Al healthcare study projects. Beyond that, cross-cutting topics that
concern all project phases, such as ethical and privacy issues and general learnings,
are included as well, so future projects in the same domain can benefit and learn
from experiences from BigMedilytics and avoid common pitfalls. The content has
been prepared in such a way that items of interest can be accessed quickly and easily
compared between studies and persons from different stakeholder groups can find
relevant information. To achieve this, a modern website design has been selected
and implemented using an existing JavaScript library module. While the goal of
the BigMedilytics Website mainly has been to provide a holistic view on findings
and lessons learned from the BigMedilytics project, the chosen approach can also
be used as a template for other lighthouse projects in healthcare or other domains.

The Interactive BigMedilytics Website can still be accessed online (https://ww
w.bigmedilytics.eu/blueprint/). The main parts of the content of the Interac-
tive BigMedilytics Website are presented in this book. Newly updated information
regarding a selection of BigMedilytics study projects can be found in Sections II-
IV, ethical and privacy issues are discussed in Section I, and general learnings
are presented in Chapter 27 (General Learnings From the Horizon 2020 Project
BigMedilytics).
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